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Abstract 
Solar cells today enter a regime where they become cost-competitive with conventional methods of electricity 
generation. However, there is still a need to further reduce costs. An efficient way to do this is to increase the 
conversion efficiency of the solar cells. For crystalline silicon wafer solar cells this has been demonstrated for various 
concepts and the task here is to find low-cost processes, suitable for mass-production for these solar cells. Silicon 
wafer solar cells have the largest market share, but also thin-film technologies have developed rapidly and show 
excellent performance. However, while silicon wafer solar cells operate already close to their theoretical potential, 
this gap has yet to be filled for thin-film solar cells and more fundamental work is required here. Computer-based 
modelling can assist in many aspects to pave the way for an era that is relying more and more on renewable energies. 
The tasks addressed by modelling reach from fundamental research to production levels and it is important to keep 
these different levels in mind. A wide range of commercial and open-source software is available for these tasks. This 
paper presents two examples of current activities at the Solar Energy Research Institute of Singapore (SERIS). 
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1. Introduction 
Solar cells today enter a regime where they become cost-competitive with conventional methods of 
electricity generation. However, there is still a need to further reduce costs. An efficient way to do this is 
to increase the conversion efficiency of the solar cell. In the lab, 25% efficiency for a crystalline wafer-
based silicon solar cell has been demonstrated [1]. This is more than 85% of the theoretical potential for 
these solar cells taking into account radiative and Auger recombination. The task for silicon wafer solar 
cell developers now is to transfer these high efficiencies into low-cost processes that are suitable for mass-
production. Currently, the concepts with the highest potential to achieve high-efficiencies in mass-
production are all-back-contact and hetero-junction silicon wafer solar cells. 
 
Silicon wafer solar cells have the largest market share, but also thin-film technologies have developed 
rapidly and show excellent performance. However, thin-film solar cells are still further away from their 
theoretical efficiency limits and technology advances are required. The highest efficiency for CIGS solar 
cells, for example, is 19.6% [1] with a theoretical limit comparable to that of silicon. 
 
Computer-based modelling is an inherent part of solar cell R&D. Modelling assists cell development 
from fundamental base to production level. A wide range of commercial and open-source software is 
available for this task. This paper presents two examples of current activities at the Solar Energy Research 
Institute of Singapore (SERIS) in this field: fundamental studies on surface passivation for silicon wafer 
solar cells and studies on scattering for thin-film silicon solar cells.  
  
2. Fundamental studies on surface passivation  
With silicon wafers improving in quality, surface passivation is of more and more importance. In the 
past years, significant progress has been made using field-effect passivation [2, 3]. For wafers of high 
quality, surface effects contribute a major part to the total recombination. In recent research, therefore, the 
mechanisms that result in an increase in surface recombination have been closely investigated. One such 
mechanism, that has been suggested, is the presence of a region with a higher degree of damages located 
directly at the solar cell surface. The characteristic of this region would be a reduced minority charge-
carrier lifetime. 
  
In a theoretical study, the impact of such a locally reduced lifetime on the minority charge-carrier 
lifetime eff was investigated. For this purpose, a symmetric setup for lifetime testing was implemented in 
Sentaurus TCAD [4]. A schematic sketch of this setup is shown in Fig. 1a. The bulk lifetime was set to 
50 ms in order to be only sensitive to surface effects. The damaged region has a width of 300 nm and a 
reduced lifetime for minority and majority charge carriers ( n0, p0) of 7 s. Furthermore, the presence of 
surface fixed charges with a density of 1.3×1013 was assumed [5]. Experimentally, this feature is realised 
by a thin layer of Al2O3, for example. In the investigation, the polarity of these charges was switched. 
Experimentally, this can be realised using a corona charger. The result of this investigation is shown in 
Fig. 1b 
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Fig. 1. (a) Schematic sketch of the structure implemented for the carrier lifetime simulation. (b) Injection-level dependent effective
minority charge carrier lifetime for a solar cell with a region with surface damage. The bulk doping type was n-type with a dopant
density of 2.5×1015 cm-3
Depending on the polarity of the surface charges, the curves for the injection-dependent effective
lifetime as depicted in Fig. 1(b) show significantly different characteristics. While the lifetime for positive
surface charges is steadily decreasing with an increasing injection level (purple dashed line), there is a 
local maximum for negative surface charges (blue line). To verify this result, an experiment has been
designed with the goal to reproduce the simulated curves. It was found that there is a significant
difference in the injection-dependent lifetime characteristics when different surface charges are used,
however, simulated results indicate that also other effects play a role here and further studies on the 
subject are required. More details about this can be found in Ref. [6].
3. Scattering studies for silicon thin-film solar cells
Increasing the efficiency of thin-film silicon solar cells is one of the key challenges in this field and 
light trapping is one of the main features that can help to accomplish this task. Efficient light trapping is
achieved by scattering and can be realised by using textured glass on which the solar cell is deposited.
The scattering process increases the light path length and with it the absorption. An example for a 
scattering structure fabricated using the aluminium induced texturing (AIT) technique is shown in Fig. 2a.
More details about this process can be found in Ref. [7].
To assess the light trapping potential of such a structure, the angular distribution function (ADF) of the
scattered light inside the absorber needs to be calculated. The ADF tells how much light is scattered into
which direction. The function is calculated based on a scalar scattering approach [8]. In a subsequent step
this function is used to calculate. This calculation was done using the commercial ASA software. As an
exemplary structure, we implemented an a-Si:H solar cell with a thickness of 250 nm between two layers
of TCO (1 m) and on textured glass. The wavelength dependent ADF in the absorber for this setup is
shown in Fig. 2. Based on this result, we calculated solar cell characteristics for the implemented setup.
An increase in current of 1 mA/cm2 or 10% compared to a planar reference was calculated. More details 
about this procedure can be found in Ref. [9].
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Fig. 2. (a) Surface profile of a scattering texture used for light trapping in thin-film silicon solar cells; (b) angular scattering function 
(ADF) calculated from the profile shown on the left side.
4. Summary
In this paper, we have presented two examples for simulation based studies currently performed at the 
solar energy research institute of Singapore (SERIS). In the first example, the effect of a damaged region
with a reduced lifetime close to the surface on the effective lifetime was investigated. In this
investigation, the injection level was varied and additionally the presence of surface charges was
assumed. The surface charge polarity was switched and it was found that for different polarities different
signatures in the effective lifetime are found. These signatures are fingerprints for the existence of a 
damaged region close to the surface.
In the second example, the light scattering properties of textured glass were investigated theoretically.
For this purpose, first the angular distribution function for the scattered light was calculated.
Subsequently, the absorption and current generation were simulated for this scattering function in a 
250 nm thick a-Si:H solar cell. It was found that the scattering increases the current generation by 
1 mA/cm2.
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